In experiments in which brood size is manipulated, it is impossible to disentangle the effects of changes in intensity and duration of parental care on parental fitness from those of changes in the parental energy budget. To determine whether a change in parental energy budget affects the costs of reproduction, we assessed the effects of increased levels of hopping activity, independent of parental care, on later reproductive decisions in zebra finches, Taeniopygia guttata. We imposed two levels of workload on individual, nonbreeding birds. After the workload periods, the birds were allowed to breed in ad libitum conditions. Each bird went through three alternating periods of working followed by breeding. The birds were more active, but weighed less and ate less, during the high workload than during the low workload periods. Clutch sizes and brood sizes did not vary with the previous work level. However, after a period on the high workload, reproduction, on average, was started 6 days later than after a low workload period. Females gained weight just before egg laying, but this might have been a result of egg production. If so, the delay in reproduction did not simply reflect extra time needed to restore body mass after a period of increased activity. We conclude that the level of daily activity itself, or the resulting energy budget during the workload periods, delayed reproduction. We suggest that these observations on the effects of increased activity demonstrate a causal mechanism for reduced residual fitness of parents.
In experiments in which brood size is manipulated, it is impossible to disentangle the effects of changes in intensity and duration of parental care on parental fitness from those of changes in the parental energy budget. To determine whether a change in parental energy budget affects the costs of reproduction, we assessed the effects of increased levels of hopping activity, independent of parental care, on later reproductive decisions in zebra finches, Taeniopygia guttata. We imposed two levels of workload on individual, nonbreeding birds. After the workload periods, the birds were allowed to breed in ad libitum conditions. Each bird went through three alternating periods of working followed by breeding. The birds were more active, but weighed less and ate less, during the high workload than during the low workload periods. Clutch sizes and brood sizes did not vary with the previous work level. However, after a period on the high workload, reproduction, on average, was started 6 days later than after a low workload period. Females gained weight just before egg laying, but this might have been a result of egg production. If so, the delay in reproduction did not simply reflect extra time needed to restore body mass after a period of increased activity. We conclude that the level of daily activity itself, or the resulting energy budget during the workload periods, delayed reproduction. We suggest that these observations on the effects of increased activity demonstrate a causal mechanism for reduced residual fitness of parents.
© 1999 The Association for the Study of Animal Behaviour
In many species of birds and mammals, reproduction is the phase of the annual cycle with the highest rate of energy turnover. This is especially true for altricial birds with an energy-intensive foraging method (Wijnandts 1984; Masman et al. 1988; reviewed in Weathers & Sullivan 1989) . The extra energy above maintenance level devoted to reproduction, or parental effort, may reduce the expected future reproduction of the parent (Fisher 1930; Williams 1966; Drent & Daan 1980; Daan et al. 1990 ). This reduction in residual fitness is termed the cost of reproduction or parental investment (Trivers 1974) . A cost of reproduction has been indicated, for example, in willow tits, Parus montanus, by breeding males surviving less well than nonbreeding males (Ekman & Askenmo 1986) . Experimental support for a cost of reproduction has been provided by several studies in which parental effort was manipulated by changing clutch size or brood size (reviews in Dijkstra et al. 1990; Stearns 1992) .
Several types of cost are potentially involved. Some costs are temporary and recoverable, and do not affect fitness once the individual has started another reproductive attempt. These costs arise through risk factors (Calow 1979; Partridge 1987) , or somatic changes (Nur 1984; Slagsvold 1984; Tinbergen 1987; Martins & Wright 1993) , which may impinge on fitness by reducing fecundity at the next reproductive event. Nonrecoverable fitness costs may arise from permanently reduced fertility in later years (Gustafsson & Pärt 1990) or from a reduced life span (Lemon 1991 (Lemon , 1993 .
The standard experiment to test for a cost of reproduction in altricial birds is to manipulate brood size. However, brood size manipulations do not really simulate the costs incurred by parents laying a certain number of eggs (Heaney & Monaghan 1996) and they disregard the costs incurred during incubation (Nur 1986). Manipulations of brood size usually affect parental behaviour, as evaluated by food-provisioning rate (review in Lessells 1993) and may (males: Williams 1987; Dijkstra et al. 1990; Deerenberg et al. 1995; females: Moreno et al. 1995) or may not (males: Williams 1987; Moreno 1989; Green & Ydenberg 1994; females: Moreno et al. 1995; both: Verhulst & Tinbergen 1997) affect the level of the parental energy budget at this time. There is thus experimental evidence for potential effects of brood size manipulation
